Forecasting Monthly Maximum Temperature of Karachi City using Time Series Analysis by Burney, S.M. Aqil et al.
 
Pakistan Journal of Engineering Technology and Science (PJETS) 
                  Volume 7, No 2, December 2017  
125 
 
Forecasting Monthly Maximum 
Temperature of Karachi City using Time 
Series Analysis 
 
1S.M.Aqil Burney, 2Mushtaq Ahmad Khan Barakzai and Steve Ernest James, 
 Institute of Business Management, Karachi, Pakistan 
 
Abstract- The maximum temperature has led to several complications in our day to day life in the city 
of Karachi. Rising temperature has affected human health and in some cases has led to the deaths of 
civilians. In this study, the temperature data of Karachi city in Pakistan over period from January 2005 to 
December 2015 is assessed. A preliminary graphical method added with the analysis of Autocorrelation and 
Partial Autocorrelation Function indicated that the data is not stationary and has seasonal factor.  SARIMA 
model of order (0, 0, 2) with seasonal order (2, 1, 1) and period 12 is used to forecast the maximum 
temperature of the Karachi city over a period of 12 months. We use R software to complete this study. This 
study will help the policy makers and the insurers to better plan for the future. 
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I. INTRODUCTION 
Recently, the city of Karachi has witnessed thousands of deaths due to high temperature. Several 
researches have shown  links between high temperature  and rising level of sea , and other extreme 
weather conditions leading to many casualties and even deaths. Continuous rise in temperature is 
also linked with heavy claims losses to the insurance industry. This study aims at developing and 
identifying a model for the past data of maximum temperature in the Karachi city of Pakistan.   
 
A report by United States Environmental Protection Agency stated that since 1901, per decade, 
the average rate of increase of temperature of global surface is 0.13°F or 1.3°F per century, the 
global perception increased to 1.9% /century [1] [2]. It has also been observed that the intensity, and 
frequency of extreme temperature is increasing day by day. A study by World Meteorological 
Organization indicates that the  decade 2001-2010 was the warmest in all over the world, especially 
the 2010 was recorded as the warmest year around the globe with (+0.53C) increase in temperature. 
The year 2005 showed  (+0.52°C) increase  while the year 1998 was  0.52°C warmer. Furthermore 
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during last two decades the sixteen years were the warmest years [3]. The increase of 2.9°C in 
temperature of has been observed in last century, this research was based on past climate data of 
Pakistan, later it was converted to Regional Climate Models (RCM) and Global Climate Models 
(GCM). These departments evaluated that with start of 20th  century with the temperature of 
Pakistan is increasing consistently [4]. In an another research on Pakistani climate, it has been found 
that during last 40 years the annual mean temperature of Pakistan has increase by 0.76°C [5]. 
Reference [6] has examined increase in the maximum temperature of Karachi due to urbanization. 
We use SARIMA model to forecast the maximum temperature of Karachi city, however, various 
other statistical methods could be employed to measure the temperature however, we assess the 
maximum temperature with the time series analysis .Several other researches have used this method 
to analysis temperature [7] . 
 
II. LITERATURE REVIEW 
A research regarding the raise in temperature suggested that in case of greenhouse effect, global 
warming and warming trends in capital city of Jordan, are due to the effect of local urbanization, 
including land used [8]. Another research about the trends of annual temperature in USA, for the 
period of 1900-2011, showed that the temperature decreased has been observed in two states and 
increased in the rest of states [9]. Some studies link variation in weather to the rise in temperature. 
Variability in rainfall is considered one of the many consequences of increase in temperature. An 
increase in annual rain fall  has been seen geographically in past decades [10]. In Pakistan about 
40% people are prone to frequent disasters such as  floods, storms and rain fall [10] [11]. All these 
calamities are attributed to rise in temperature. Our lives are greatly affected by warm temperatures 
and large amount of rainfall [12]. The weather of Karachi city is mostly arid and hot with range of 
25C to 40C [13].  
III. RESEARCH METHODOLOGY 
A. The Data 
For the purpose of this study, we collected simulated  monthly temperature data of Karachi City 
over the period  from January 2005 through December 2015 [14].  Monthly maximum data was 
extracted from this data. The data was cleaned and scrutinized.  Outliers such as maximum 
temperature of 57℃, and 59℃, were removed from the data and were replaced with the average of 
the maximum temperature data of the same month in other years.  
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B. Data Analysis 
An important aspect of time series analysis is that the underlying set of data must be stationary. 
In other words, mean and variance of the given time series should be constant with respect to time. 
We use three different methods to assess whether the underlying historic data of the maximum 
temperature in Karachi city is stationary. These include method of graph, Method of Autocorrelation 
Function and using Statistical Tests. These methods are explained below: 
 
C. Assessing Stationarity Of  Data 
 
i. Graphic Analysis 
The graphic analysis of monthly maximum temperature indicates that there is no trend in the given 
data.  It is not clear whether the variance of the historic maximum temperature is constant. 
Apparently, no outliers are observed, however, seasonality is quite evident. On the basis of the given 
plot one cannot conclude about the stationary of the historic temperature data. In addition to 
graphical analysis, we use several other techniques to assess the nature of the underlying set of data.  
 
 
ii. Autocorrelation Function  
The graph of the Autocorrelation function indicates that there is correlation between the maximum 
temperatures. The graph also indicates a seasonal dependency. The Autocorrelation graph of the 
maximum temperature is given below: 
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iii. Dickey Fuller  Tests 
Several tests are used to test the independency of the underlying data. Dickey Fuller is among 
many tests used to assess the independency of the underlying data. The result of Dickey Fuller test 
carried out in R rejects the independency of the maximum temperature data of the Karachi City 
indicating that the data is not stationary. The result of the ADF test is summarized below: 
Dickey-Fuller Test 
Data:  temperature 
Dickey-Fuller = -6.6669, Lag order = 5, p-value = 0.01 
Alternative hypothesis: stationary 
 
For time series analysis, a major requirement is that the underlying data is stationary. Our 
graphical as well numerical analysis indicates that the underlying data is not stationary; however, 
the given data of the maximum temperature is seasonal with period of twelve months.  Further 
analysis of the data shows that the first order difference lagged by a period of twelve months is 
stationary. 
In this work, a model is identified that fits best to the maximum temperature data of the  Karachi 
City. ACF (Autocorrelation Function) and PACF (Partial Autocorrelation Function) are used to 
determine the order of the model. A diagnostic analysis of the residuals and Akaike Information 
Criterion (AIC) is used to determine the model that best fit to the data.   
The parameters of the model are estimated using the method of least square estimation. On the 
basis of the chosen model, we forecast the maximum temperature of the Karachi City for the next 
 
Pakistan Journal of Engineering Technology and Science (PJETS) 
                  Volume 7, No 2, December 2017  
129 
 
one year.  Back testing is carried out to check the accuracy of the forecasted values of the maximum 
temperature.  
 
D. The Model 
As the maximum temperature of Karachi city is seasonal. SARIMA model of order ((p, d, q) (P, 
D, Q)S) is used. Where "p"  is the order of non-Seasonal Autoregressive model AR(p), "q" is the 
order of  non-seasonal moving average model  MA (q) and "d" indicates  "dth" order differences) 
and P, D,Q (Where "P" indicates the seasonal order of  Autoregressive model, "Q"  indicates the 
seasonal order of Moving Average  while  "D " indicates the seasonal difference and "S" is the 
number of periods in the season to model the maximum temperature data. Several Authors have 
used the SARIMA models to forecast temperature and rains in different part of the world[15], 
[16],[17].  
 
The seasonal ARIMA model in back shift notations is defined by: 
 
ρAR(B)δSAR(B
s)(1 − B)d(1 − Bs)DYt   =  τMA(B)τSMA(B
s)et        (1) 
where the parameters represent the following: 
ρAR    Non seasonal Auto regressive  
τMA    Non seasonal Moving Average 
δSAR   Seasonal Autoregressive 
τSMA  Seasonal MA  
B        Backward shift operator. 
 
E. Model Detection 
The ACF and PACF tell us about the model to be used that best fits the data. The first order 
difference of Autocorrelation Function as well as Partial Autocorrelation Function is given below 
in Fig.3. 
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Several models were assessed on the basis of the AIC and Likelihood ratio. A summary of the 
AIC and Likelihood ratio test is given in Table-1 below. From the table below, it is observed that 
the model SARIMA(0,0,2)(2,1,1)12 has the lowest AIC value.  Similarly, the same model has the 
highest likelihood ratio. On the basis of two measures we conclude that the model SARIMA (0,0,2) 
(2,1,1)12  best fit to the underlying data. We chose this model as a possible model to forecast the 
future maximum monthly temperature of Karachi city of Pakistan.  
 
TABLE I 
AIC AND LIKELIHOOD RATIO OF VARIOUS MODELS TESTED 
Model Likelihood AIC 
SARIMA(0,0,2)(2,1,0)12 -260.95 529.90 
SARIMA(0,0,2)(2,1,1)12 -253.40 518.81 
SARIMA(0,0,1)(2,1,0)12 -261.27 528.54 
SARIMA(2,0,0)(2,1,0)12 -260.98 529.95 
SARIMA(1,0,0)(1,1,0)12 -268.48 540.96 
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F. Diagnosis Of The Model And Forecasting 
 
1. Residual Analysis 
In order to test the model adequacy, we carry out diagnosis of the model through the residual 
analysis. The residuals of the model to determine the appropriateness of the model. The normality 
as well as independence of the residuals is assessed to check the suitability of the underlying model 
for the given data.  Fists, the residuals of the model are checked for their independence. For this 
purpose, the ACF and PACF of the residuals of the model are analyzed used. The ACF and PACF 
of the model are given in Fig.4. 
 
 
The above correlogram of ACF and PACF of the residuals of the proposed model are shows that 
the residuals are independent of each other. Next, the normality of the residuals is checked.  
 
Test of Normality is another test being use to assess the adequacy of the assumption of the 
underlying model and hence the appropriateness of the model being used. To assess the normality 
of the residuals, we use Quantile-Quantile plot. This is given in Fig.5. The Q-Q plot of the residuals 
of the proposed model is approximately normal with heavy tails as compared to the normal density, 
this indicates the suitability of the model to the given temperature data: 
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A further diagnosis of the residuals is carried through the run test as well as the plots of the 
residuals give in Fig.6 indicate that the residuals of the proposed model are independents.  
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2. Runs Test 
$pvalue 
[1] 0.998 
$observed. runs 
[1] 65 
$expected. runs 
[1] 65.48485 
$n1 
[1] 56 
$n2 
[1] 76 
$k 
[1] 0 
 
3. Forecasting 
The underlying model could be used to underlying data to forecast the future temperature. The 
proposed model is used to forecast the future temperature for the next one. Fig. 7 shows the one-
year-ahead predictions with their 95% confidence limits for the monthly maximum temperatures for 
the next one year (2015 – 2016). 
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To assess the accuracy of the forecasted value, we use the years 2014-2015. The comparison 
between the forecasted value and the actual values of the 2014-15 are given in Fig.8. It is evident 
that the error between the actual and the results of trained data is minimal and the proposed model 
could be applied to forecast the future maximum temperature.    
 
IV. CONCLUSIONS 
The method of using SARIMA is good technique and can be used in forecasting the maximum 
temperature of the Karachi City.  Our result indicates that the proposed model has low level of risk 
and hence it will help us in estimating the maximum temperature of the Karachi city. It is pertinent 
to note that this model forecast monthly maximum temperature. It does not forecast the extreme 
temperature which is a new area to be explored in upcoming research. This proposed model will 
prove to be beneficial to the policy makers and the insurers to better plan for the future. 
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